Abstract: The anthracnose pathogen of common bean (Phaseolus vulgaris) is usually identified as Colletotrichum lindemuthianum, while anthracnose of potato (Solanum tuberosum), peppers (Capsicum annuum), tomato (S. lycopersicum) and several other crop plants is often attributed to C. coccodes. In order to study the phylogenetic relationships of these important pathogens, we conducted a multigene analysis (ITS, ACT, TUB2, CHS-1, GAPDH) of strains previously identified as C. lindemuthianum, C. coccodes and other related species, as well as representative species of the major Colletotrichum species complexes. Strains of C. lindemuthianum belonged to a single clade; we selected an authentic specimen as lectotype, and an appropriate specimen and culture from the CBS collection to serve as epitype. Two clades were resolved within C. coccodes s. lat. One clade included the ex-neotype strain of C. coccodes on Solanum, while an epitype was selected for C. nigrum, which represents the oldest name of the second clade, which occurs on Capsicum, Solanum, as well as several other host plants. Furthermore, we recognized C. lycopersici as a synonym of C. nigrum, and C. biologicum as a synonym of C. coccodes.
INTRODUCTION
Anthracnose is one of the most widespread and economically important diseases of common bean (Phaseolus vulgaris) (Del Río et al. 2002 , Gonçalves-Vidigal et al. 2004 , Kiryakov 2004 , Mahuku and Riascos 2004 , Bardas et al. 2007 , Bardas et al. 2009 , Munda et al. 2009 ), which can lead to significant losses in bean production (Tu 1992) , especially when the climatic conditions favor disease development (González et al. 1998) . Lesions on stems and pods of common bean are gray or brown, slightly sunken with raised dark brown or reddish edges, frequently bearing conspicuous salmon colored spore masses (Briosi and Cavara 1889) .
Bean anthracnose was first reported from Germany and described as Gloeosporium lindemuthianum Sacc. & Magnus (Saccardo 1878) . Subsequently, Briosi and Cavara (1889) transferred Gm. lindemuthianum to the genus Colletotrichum. Von Arx (1957) regarded C. lindemuthianum (Sacc. & Magnus) Briosi & Cavara as a form of C. gloeosporioides, indistinguishable from it but specialized to Phaseolus vulgaris. Colletotrichum lindemuthianum has been considered closely related to C. orbiculare, C. trifolii and C. malvarum (Pain et al. 1992 , Sherriff et al. 1994 , Bailey et al. 1996 . Sherriff et al. (1994) considered these species as conspecific, while Liu et al. (2007) found the four species to be distinct, representing a species complex. This complex represents a basal position within the genus Colletotrichum (Farr et al. 2006 , Cannon et al. 2012 . Farr and Rossman (2012) listed 214 records of Colletotrichum associated with Phaseolus spp., of which 142 refer to C. lindemuthianum. On the other hand, C. lindemuthianum was reported on a wide range of other legumes, such as Dolichos lablab (Zhuang 2001) , Lotus corniculatus (Mulenko et al. 2008) , Dolichos sp. (Lenné 1990) , Vicia faba (Zhuang 2005) and Vigna sinensis (Pande and Rao 1998) .
While descriptions of C. lindemuthianum in literatures agree with each other in colonial characteristics in having slow growth rate and dark pigmentation, but present considerable variation in conidial morphology. According to von Arx (1957) , conidia measure 11-19 3 4-6 mm, form reddish droplets, with abundant setae in culture that are often absent on the host plant. While Sutton (1980) described C. lindemuthianum as having conidia that measure 9.5-11.5 3 3.5-4.5 mm, form in honey-or pale-colored masses, with few appressoria and setae.
Very few studies of C. lindemuthianum have included DNA sequence analysis. Prior to our study, there were only 14 ITS sequences and a few sequences of other gene regions, e.g. Mat1-2 and glutamine synthetase, lodged in GenBank. A comparison of these ITS sequences with other Colletotrichum species revealed that they belong to different species complexes (Cannon et al. 2012) . Some of these ITS sequences, e.g. EF608059 (Huang et al. 2010 ) and JN198431 (Wu L and Qin L, unpubl. data) , belong to the C. boninense species complex (Damm et al. 2012b) .
A recent study by Liu et al. (2011) characterized and neotypified C. coccodes (Wallr.) S. Hughes., which is known to represent an important pathogen of potato. Farr and Rossman (2012) listed over 30 plant hosts for C. coccodes, including many reports on peppers (Capsicum annuum) and tomato (Solanum lycopersicum syn. Lycopersicon esculentum). How many of these records are really attributable to C. coccodes remains unknown. For example, Thaung (2008) reported C. coccodes as pathogen of Camellia thea. However, none of our isolates, nor sequences from this host on GenBank relate to C. coccodes (unpubl. data); most of them belong to the C. gloeosporioides species complex.
Capsicum annuum is often severely affected by anthracnose, which causes serious yield losses in many countries (Oh and Kim 2007) . Many Colletotrichum species reported from Capsicum annuum belong to the C. acutatum species complex (C. acutatum, C. brisbanense, C. nymphaeae, C. scovillei) (Than et al. 2008a, b; Damm et al. 2012a) , C. boninense species complex (C. novae-zelandiae) (Damm et al. 2012b) and C. gloeosporioides species complexes (C. siamense) as well as C. truncatum (synonym: C. capsici) (Pakdeevaraporn et al. 2005 , Sharma et al. 2005 ). There are also many reports of other Colletotrichum species from Capsicum annuum (Farr and Rossman 2012) , especially of C. coccodes and C. nigrum. The latter is of uncertain status and listed as doubtful species by Hyde et al. (2009) . Colletotrichum nigrum was placed in synonymy with C. gloeosporioides by von Arx (1957) , who later resurrected it as a species restricted to Capsicum (von Arx 1981) .
Colletotrichum coccodes is also reported as a devastating pathogen of tomato (Solanum lycopersicum) causing anthracnose on fruits (Hughes 1958; Chesters and Hornby 1965a, b; Chapin et al. 2006; Alkan et al. 2008; Ben-Daniel and Bar-Zvi 2009 ). There are four other Colletotrichum species on tomato listed in the USDA database, C. dematium, C. gloeosporioides, C. lycopersici and C. nigrum (Farr and Rossman 2012) . No sequence data of C. lycopersici and C. nigrum are available in GenBank. In a preliminary study, the ITS sequences of most of the strains in the CBS collection originally identified as C. lycopersici and C. nigrum cluster with C. coccodes (unpubl. data).
The names C. lindemuthianum, C. lycopersici and C. nigrum are of uncertain application because no extype or authentic cultures were retained. The aims of this study are therefore, to investigate the phylogenetic relationships of C. lindemuthianum and C. coccodes and related strains to other species in Colletotrichum based on a multilocus phylogeny, to locate type or authentic material of C. lindemuthianum, C. lycopersici, C. nigrum, and to select epitype specimens with living cultures derived from them to fix the application of these names.
MATERIALS AND METHODS
Isolates.-Isolates previously identified as C. lindemuthianum and C. coccodes as well as other related species were obtained from the culture collection of the CBS-KNAW Fungal Biodiversity Centre, Utrecht, the Netherlands (CBS). Type specimens of the species studied are located in the fungaria of the CBS, the Herbarium Hamburgense (HBG), Germany and the US National Fungus Collections (BPI), Beltsville, Maryland, USA. Cultures derived from the epitypes and neotypes, as well as all other isolates used for morphological and phylogenetic analyses are maintained in the CBS culture collection and presented in TABLE I.
Morphological analysis.-To enhance sporulation, 5 mm diam plugs from the margin of actively growing cultures were transferred to the center of 9-cm diam Petri dishes containing synthetic nutrient-poor agar medium (SNA; Nirenberg 1976) amended with autoclaved filter paper and double-autoclaved stems of Anthriscus sylvestris placed onto the agar surface. The strains were also studied after growth on oatmeal agar (OA) ) and on autoclaved pods of common bean (Phaseolus vulgaris). Cultures were incubated at 20 C under near UV light with a 12 h photoperiod for 10 d. Measurements and photographs of characteristic structures were made according to methods described by Damm et al. (2007) . Appressoria on hyphae were observed on the reverse side of colonies grown on SNA plates. Appressoria were also induced using a slide culture technique ). Microscopic preparations were made in clear lactic acid, with 30 measurements per structure, and observed with a Nikon SMZ1000 dissecting microscope (DM) or with a Nikon Eclipse 80i microscope using differential interference contrast (DIC) illumination. Colony characters and pigment production on SNA and OA incubated at 20 C were noted after 10 d. Colony colors were rated according to Rayner (1970) . Growth rates were measured after 7 and 10 d. 
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Crotalaria juncea Zimbabwe GU227806 GU227904 GU228100 GU228296 GU228198 GU228002 Sexual compatibility.-Seventeen isolates of C. lindemuthianum (TABLE I) were crossed with each other in all possible combinations on SNA medium amended with sterile stems of Anthriscus sylvestris, pine needles and autoclaved bean pods. In all tests, two isolates were placed on opposite sides of a piece of A. sylvestris, pine needles or bean pods. Control tests, where isolates were crossed with themselves, were undertaken to determine whether strains had a heterothallic or homothallic mating system. The plates were incubated at 20 C under near UV light with a 12 h photoperiod for 6 wk. Matings were regarded as successful when isolate combinations produced perithecia and ascospores.
Phylogenetic analyses.-Genomic DNA of the isolates was extracted using the method of Damm et al. (2008) . Six loci including the 5.8S nuclear ribosomal gene with the two flanking internal transcribed spacers (ITS), a 200-bp intron of the glyceraldehyde-3-phosphate dehydrogenase (GAPDH), a partial sequence of the actin (ACT), chitin synthase 1 (CHS-1), beta-tubulin (TUB2) and histon3 (HIS3) gene were amplified and sequenced using the primer pairs ITS1F (Gardes and Bruns 1993) + ITS4 (White et al. 1990 ), GDF1 + GDR1 (Guerber et al. 2003) , ACT-512F + ACT-783R (Carbone and Kohn 1999) , CHS-354R + CHS-79F (Carbone and Kohn 1999) , T1 (O'Donnell and Cigelnik 1997) + Bt-2b (Glass and Donaldson 1995) and CYLH3F + CYLH3R (Crous et al. 2004) , respectively. The PCR protocols were performed as described by Damm et al. (2009) . The DNA sequences obtained from forward and reverse primers were used to obtain consensus sequences using MEGA5, and subsequent alignments were generated using MAFFT v.6 (Katoh and Toh 2010) , and manually edited using BioEdit (Hall 1999) .
A maximum parsimony analysis was performed on the multilocus alignment (ITS, ACT, TUB2, CHS-1, GAPDH) using PAUP v.4.0b10 (Swofford 2002) . Ambiguously aligned regions were excluded from all analyses. Unweighted parsimony (UP) analysis was performed. Trees were inferred using the heuristic search option with TBR branch swapping and 1000 random sequence additions. Maxtrees were unlimited, branches of zero length were collapsed and all multiple parsimonious trees were saved. Clade stability was assessed in a bootstrap analysis with 1000 replicates, each with 10 replicates of random stepwise addition of taxa. A second phylogenetic analysis using a Markov Chain Monte Carlo (MCMC) algorithm was done to generate trees with Bayesian posterior probabilities in MrBayes v.3.2.1 (Ronquist and Huelsenbeck 2003) . Nucleotide substitution models were determined using MrModeltest v.2.3 (Nylander 2004 ) for each gene region and included in the analyses. Two analyses of four MCMC chains were run from random trees for ten millions generations and sampled every 1000 generations. The first 25% of trees were discarded as the burn-in phase of each analysis and posterior probabilities determined from the remaining trees. Sequences derived in this study were deposited in GenBank, and the alignment in TreeBASE (S13363).
RESULTS
The phylogenetic analysis included 83 ingroup strains, with Monilochaetes infuscans (CBS 869.96) as outgroup. The dataset of five genes (ACT, CHS-1, GAPDH, ITS, TUB2) comprised 1471 characters including the alignment gaps, of which 683 characters were parsimony-informative, 103 parsimony-uninformative and 685 constant. Parsimony analysis resulted in nine most parsimonious trees, one of them (Length 5 2978, CI 5 0.547, RI 5 0.911, RC 5 0.498) is shown in FIG. 1 . The Bayesian tree agreed with both the tree topology and bootstrap supports of the trees obtained with maximum parsimony, Bayesian posterior probability values $ 0.95 are shown as thickened branches on the phylogenetic tree.
The strains studied in this paper formed two main clades in the multigene phylogeny (FIG. 1) . One of these clades constitutes the upper part of the phylogenetic tree with isolates previously identified as C. coccodes and related strains comprising two subclades. The first subclade (C. coccodes), with a bootstrap support/Bayesian posterior probability value of 94/0.99 respectively, contains 20 strains including the ex-neotype strain of C. coccodes (CBS 369.75), while the other 13 strains form a sister clade (98/1.00) to C. coccodes. Both clades have close relationship with a species complex formed by species such as C. tofieldiae, C. liriopes and C. verruculosum. Seventeen isolates from Phaseolus spp. identified as C. lindemuthianum form a single clade (100/1.00), which is basal to all other clades in the genus.
TAXONOMY
Based on DNA sequence data and morphology, the 17 strains of C. lindemuthianum studied belong to a single species, while a second species C. nigrum was revealed closely related to C. coccodes. Both C. lindemuthianum and C. nigrum are characterized and epitypified below. cylindrical to ampulliform, 8-14 3 4-5 mm, opening 1-1.5 mm diam, collarette 0.5 mm, periclinal thickening not observed. Conidia hyaline, smooth-walled, aseptate, guttulate, cylindrical, both ends obtuse or with an acute base, (10.5-)11.5-13.5(-14.5) 3 (3-)3.5-4(-4.5) mm, mean 6 SD 5 12.6 6 1.1 3 3.8 6 0.4 mm, L/W ratio 5 3.3. Appressoria not formed in ex-epitype strain, appressoria of strain CBS 146.31 single or in loose groups, (pale to) medium brown, smooth-walled, outline subglobose, ovoid to ellipsoidal, with entire or undulate edge, (5-)5.5-8.5(-12) 3 (4.5-)5-6.5(-7) mm, mean 6 SD 5 7 6 1.7 3 5.6 6 0.7 mm, L/W ratio 5 1.3.
On Anthriscus stem: Conidiomata acervular, conidiophores and setae formed from a cushion of pale brown, angular cells, 2.5-6 mm diam. Setae pale to medium brown, 1-4-septate, 30-93 mm long, basal cell cylindrical, inflated or constricted, 3.5-5 mm diam, tip round. Conidiophores hyaline to pale brown, smoothwalled, branched, 1-septate, up to 20 mm long. Conidiogenous cells hyaline to pale brown, smooth, 8-13.5 3 3-5 mm, opening 1-1.5 mm diam, collarette 0.5 mm, periclinal thickening sometimes visible. Conidia hyaline, smooth-walled, aseptate, guttulate, cylindrical, both ends obtuse or with base acute, (10.5-)11.5-14(-15.5) 3 (3-)3.5-4(-4.5) mm, mean 6 SD 5 12.9 6 1.2 3 3.8 6 0.4 mm, L/W ratio 5 3.4.
Culture characteristics: Colonies on SNA flat with entire margin, medium hyaline, filter paper gray olivaceous, acervuli aggregated close to the Anthriscus stem, aerial mycelium lacking, 21-24 mm in 7 d (29-31 mm in 10 d). Colonies on OA flat with entire margin, surface gray olivaceous to olivaceous black, covered by long hyaline and sparse aerial mycelium, conidial masses whitish, abundant, reverse olivaceous gray to iron gray, 26-27 mm in 7 d (41-43 mm after 10 d). Conidia in masses whitish to pale salmon. Notes: Gloeosporium lindemuthianum was described from common beans collected in 1875 from Poppelsdorf, near Bonn, Germany and in the same year in Padova, Italy (Saccardo 1878). We could not locate the specimen from Italy, but we located the authentic herbarium specimens of Gm. lindemuthianum in the Herbarium Hamburgense (HBG). Two of these specimens were collected by H. Lindemuth prior to the description of Gm. lindemuthianum. The label of one of them contains the same collection data as the original description, and was therefore selected as lectotype.
Conidia on the lectotype specimen are hyaline and cylindrical, 11.5-21 3 3.5-5 mm, mean 6 SD 5 15.5 6 1.8 3 4.5 6 0.4 mm, and formed light salmon to pink masses. The conidial size is concordance with the original description (16-19 3 4.5-5.5 mm) (Saccardo 1878) and von Arx (1957) (11-19 3 4-6 mm) , but larger than that from Sutton (1980 Sutton ( , 1992 (9.5-11.5 3 3.5-4.5 mm). Conidial dimensions of the ex-epitype strain CBS 144.31 formed on SNA, Anthriscus stems and autoclaved bean pods (9.5-22 3 3.5-5.5 mm, mean 6 SD 5 13 6 2.1 3 4.6 6 0.4 mm) are also concordance with the conidial dimensions of the lectotype specimen and original description.
The two C. lindemuthianum strains from P. coccineus (CBS 523.97 and CBS 524.97) differed from the strains from P. vulgaris in the morphology of their conidiophores. In addition to the conidiophores typical for C. lindemuthianum described above, conidia were also formed from up to 89 mm long hyphae that resemble a transitional stage between setae and conidiophores, with a conidiogenous cell that is usually cylindrical and 20-28.5 mm long. Both types of conidiophores are branched and septate. Sometimes setae and conidiophores extend from the same node. The phylogeny of the multigene dataset generated in this study only supports one species (FIG. 1) , suggesting that these morphological differences fall within the variability of the species. Shear and Wood (1913) first induced the sexual stage of C. lindemuthianum, Glomerella lindemuthiana, by incubating a strain from Takoma Park, Maryland, USA on living bean pod tissue with acervuli on corn meal agar. However, Shear and Wood (1913) failed to designate a type specimen for Glomerella lindemuthiana and only provided a morphological description. Three Glomerella lindemuthiana specimens (plant materials) collected by Shear in the United States in the years 1906 (BPI 597216), 1908 (BPI 597217) and 1942 (BPI 597215) are available in the BPI herbarium, one of them (BPI 597217) was collected in Washington. This specimen contained cylindrical conidia, measuring 10-14.5 3 4-5.5 mm, mean 6 SD 5 12.2 6 1.2 3 4.7 6 0.3 mm, L/W ratio 5 2.6 and septate setae measuring 40-120 mm long, which agrees with those of the ex-epitype culture (CBS 144.31). However, ascomata were not observed from BPI597217.
In this study, several methods were unsuccessfully tested to induce the teleomorph stage of C. lindemuthianum. Previous morphological descriptions for teleomorph are doubtful and conflict with each other. Kimati and Galli (1970) induced an ascogenous stage of C. lindemuthianum by pairing isolates from Phaseolus sp. from Brazil in semi-sythetic medium, and was referred as Glomerella cingulata f. sp. phaseoli. They observed two types of asci and ascospores: (1-)4(-8)-spored asci, with mean ascospores dimension 20 3 6.5 mm, and 8-spored asci, with ellipsoidal ascospores, measuring on average 10 3 4 mm, which indicates that another fungus may be involved. In addition, fig.1 of Rodríguez-Guerra et al. (2005) shows a sexual stage with 8-spored asci and ascospores that are longer and wider (15.5-29 3 4.5-7 mm) than those formed in 8-spored asci described by Kimati and Galli (1970) (av. 10 3 4 mm). In spite of this, the occurrence of sexual reproduction in Ga. lindemuthiana under field conditions has not yet been observed. Furthermore, most of the previous studies reporting sexual stages lack molecular data, and the few studies that include them show divergence from C. lindemuthianum. For example, one of the six RAPD groups found by Talamini et al. (2006) formed a sexual stage (referred to as Glomerella cingulata f. sp. phaseoli) and was divergent from the other groups. Phylogenies based on ITS and HMG sequences by Barcelos et al. (2011) show that strains from common beans with and without sexual stages belong to different clades within Colletotrichum. We are not aware of any data that shows C. lindemuthianum s. str. forms a sexual stage. We assume that sexual stages linked to C. lindemuthianum in the past belong to other species. This would explain why attempts to repeat inducing sexual stage of C. lindemuthianum failed (Edgerton 1915 , Muller 1927 , Batista and Chaves 1982 , Bryson 1990 .
Another species described as causing anthracnose of Phaseolus vulgaris is C. caulicolum. However the conidia of C. caulicolum are falcate and measure 18-30 3 3.5-4 mm (Heald and Wolf 1911) . This species may be a synonym of C. truncatum, which has also been reported from beans Notes: Colletotrichum biologicum was first reported from the dying stalks of potatoes (Solanum tuberosum) in the garden of the ''Biologische Reichsanstalt fü r Forst-und Landwirtschaft'' at Berlin-Dahlem, Germany (Chaudhuri 1924) . In February 1925, Chaudhuri deposited one culture in the CBS collection (CBS 122.25) . According to the CBS database this strain is from India, which is doubtful. It is more likely that this is a strain from the original collection from Germany that H. Chaudhuri sent to CBS after returning to India. The strain is included in the current study and clusters with the ex-neotype strain of C. coccodes (CBS 369.75) in FIG. 1, which indicates that C. biologicum is the synonym of C. coccodes. Colletotrichum coccodes, originally described from potato black dot as Chaetomium coccodes Wallr. (Wallroth 1833), is not host-specific. In our study, several strains from other hosts cluster in the C. coccodes clade, e.g. strains from Beta vulgaris, Curcubita pepo and Lycopersicon esculentum. These strains form larger conidia (average 17.5-19.5 3 3.5 mm on SNA, average 19-20 3 3.5 mm on Anthriscus stem) than those from potato (average 12 3 3.5 mm on SNA, average 14-16 3 4 mm on Anthriscus stem). On SNA: Vegetative hyphae hyaline to medium brown, smooth-walled, septate, branched, 1-7 mm diam. Chlamydospores not observed. Conidiomata acervular, or appearing as accumulation of conidia on surface of medium, conidiophores formed from a cushion of pale brown, angular cells or directly on hyphae. Setae not observed. Conidiophores hyaline, branched, septate. Conidiogenous cells hyaline, smooth-walled, cylindrical, 15.5-31.5 3 1.5-3.5 mm, opening 1-1.5 mm diam. Conidia hyaline, smoothwalled, aseptate, guttulate, cylindrical, apex subacute or obtuse, (9-)15-20(-24) 3 (3.0-)3.5-4(-4.5) mm, mean 6 SD 5 17.5 6 2.5 3 4 6 0.4 mm, L/W ratio 5 4.4. Appressoria single, brown, smooth-walled, globose, obvoid, clavate, or irregular outline, with an entire or undulate edge, (4.5-)7-13(-21) 3 (4.5-) 5.5-7.5(-9) mm, mean 6 SD 5 10 6 2.9 3 6.5 6 1.0 mm, L/W ratio 5 1.5.
Colletotrichum nigrum
On Anthriscus stem: Conidiomata acervular, compact fruiting structures composed of cushions of brown to black angular cells, or appearing as accumulation of conidia on stem. Setae abundant, straight or flexuous, gradually tapering to the tip, 1-5-septate, medium brown, 38-116 mm long, basal cell cylindrical, inflated or constricted, 3-7 mm diam, tip usually acute. Conidiophores hyaline to pale brown, branched, septate. Conidiogenous cells hyaline to pale brown, cylindrical to ampulliform, 7-12.5 3 2.5-4.5 mm, opening 1-2 mm diam. Conidia hyaline, smooth-walled, aseptate, guttulate, cylindrical, apex subacute or obtuse, (13.5-)17.5-21.5 (-32) 3 (3-) 3.5-4(-4.5) mm, mean 6 SD 5 19.5 6 1.9 3 3.5 6 0.3 mm, L/W ratio 5 5.6.
Culture characteristics: Colonies on SNA flat with entire margin, hyaline, aerial mycelium lacking, abundant salmon or black acervuli aggregated on Anthriscus stem and filter paper, few acervuli on medium, 40-48 mm in 7 d (58-66 mm in 10 d). Colonies on OA flat with entire margin, entirely covert with dense, smoke gray aerial mycelium, reverse mouse gray to dark mouse gray, 42-43 mm in 7 d (59-61 mm in 10 d). Conidia in masses salmon. Note: Anthracnose of peppers was reported from New Jersey, USA by Halsted (1891a, b) , who described the causal agents as C. nigrum and Gm. piperatum. Halsted (1891b) observed that the two species caused different symptoms on peppers. Colletotrichum nigrum formed decayed patches that turned black due to the setae of the fungus, while the color of decayed patches caused by Gm. piperatum remained unchanged. The conidia of C. nigrum are cylindrical, nearly straight, hyaline, and measure 20-22 3 4 mm (Halsted 1891a). Later, Halsted (1896) reported C. nigrum as the main cause of anthracnose of peppers in the USA.
We located authentic specimens of C. nigrum and Gm. piperatum from the herbarium BPI. The label of one of the C. nigrum specimens (BPI 797145) states, ''158, New York Botanical Garden, Colletotrichum nigrum E & H, on pepper fruit'' with a stamp ''CO-TYPE''. The morphology of this fungus agrees with the original description of C. nigrum by Halsted (Halsted 1891a) . The small size and shape of this specimen as well as the number ''158'' identifies it as part of a specimen located in the New York Botanical Garden herbarium. There was no type designated either in the original description of C. nigrum (Halsted 1891a) or in the following reports of this species by Halsted (1891b Halsted ( , 1896 . The label of this NY specimen does not state that it is the holotype, but we are confident that it is authentic material of C. nigrum, and therefore designate it here as the lectotype.
We also examined a possible type specimen of Gm. piperatum (BPI 395379), which differed from C. nigrum in forming fusiform conidia, indicating affinity to the C. acutatum species complex.
The ex-epitype culture (CBS 169.49) was collected in Argentina (South America), which is nearest to the location where the type specimen was collected (USA). Unfortunately, strain CBS 169.49 is sterile, thus we chose a genetically identical strain, CBS 128507 from Capsicum in New Zealand, as basis for the morphological description. Several strains from other hosts collected in the USA confirm the occurrence of C. nigrum in this country.
Colletotrichum nigrum forms significantly longer conidia than C. coccodes with a larger L/W ratio both on SNA medium (average size of conidia of C. nigrum, CBS 128507, 17.5 3 4 mm, L/W 5 4.4 vs. C. coccodes, CBS 369.75, 12 3 3.5 mm, L/W 5 3.4) and on Anthriscus stem (average size of conidia of C. nigrum, CBS 128507, 19.5 3 3.5 mm, L/W 5 5.5 vs. C. coccodes, CBS 369.75, 14 3 4 mm, L/W 5 3.5). According to our results, C. nigrum is not host-specific, and can also infect Cichorium intybus, Fragaria sp., Helianthus tuberosus, Lens culinare and Solanum lycopersicum.
There are two other names related to this species, Gm. phomoides and C. lycopersici, both described from S. lycopersicum. Gloeosporium phomoides, described from tomato in Italy by Saccardo (Saccardo 1884) , was prior to C. lycopersici (Chester 1891) and C. nigrum (Halsted 1891a ). Gloeosporium phomoides was described as having conidia with an abruptly attenuate base and a rounded apex, oblong to clavate (10-12 3 2.5-3 mm), characters typical of C. coccodes. We were unable to locate the type specimen of Gm. phomoides. In 1884, Arthur reported the occurrence of the fungus in New York, and in 1891, Chester reported a fungus in the USA similar to that described by Saccardo, but lacking setae. He described it as a new species, C. lycopersici (Chester 1891) . In a later publication, Chester (1893) recognized that setae may be present or absent on artificial medium and regarded C. lycopersici as a synonym of Gm. phomoides and therefore combined it in Colletotrichum as C. phomoides. Chester (1891) described C. lycopersici as forming oblong conidia, with subacute ends, measuring 16-22 3 4 mm, similar to the size of C. nigrum. Our examination of the possible type specimen of C. lycopersici (BPI 399513) confirmed this. Two strains from tomato in the USA (CBS 132450 and CBS 132451) are included in this study, which cluster together with C. nigrum (FIG. 1) . Therefore we regard C. lycopersici as a synonym of C. nigrum. While Glomerella lycopersici W. Krü ger (anamorph Gloeosporium lycopersici) (Krü ger 1913) is a synonym of C. salicis that belongs to the C. acutatum species complex (Damm et al. 2012a) , and is not closely related to C. lycopersici.
There are two species described from Lens culinaris: C. savulescui Sandu-Ville from Romania (Sandu-Ville 1959) and Glomerella truncata from Canada (Armstrong-Cho and Banniza 2006). Glomerella truncata is more closely related to C. destructivum (Gossen et al. 2009 , O'Connell et al. 2012 . Conidia of C. savulescui are hyaline, cylindrical with both sides rounded, straight or slightly curved, measuring 7.5-18 3 3-4.5 mm. The shape of the conidia is often slightly curved which indicates this species might be a synonym of Glomerella truncata, which however has conidia that are usually larger (18-24 3 4-6 mm) (Armstrong-Cho and Banniza 2006).
DISCUSSION
Colletotrichum isolates from bean (Phaseolus sp.) are usually identified as C. lindemuthianum based on morphological characteristics (Bigirimana et al. 2000 , Ansari et al. 2004 , Gonçalves-Vidigal et al. 2008 ). However, morphology does not always reflect phylogenetic relationships between species in this genus. For example, C. petchii with conidia resembling C. gloeosporioides does not belong to the C. gloeosporioides species complex, but to the C. boninense species complex (Damm et al. 2012b ). Our results show that although C. lindemuthianum produces conidia and appressoria with shapes similar to C. gloeosporioides s. str. , it does not belong to the C. gloeosporioides species complex. Our analysis reveals that C. lindemuthianum is basal to the other species included (FIG. 1) . The epitypification of other species in this complex, e.g. C. orbiculare, C. malvarum and C. trifolii are still needed.
Based on this study, C. lindemuthianum seems to be restricted to Phaseolus vulgaris and P. coccineus. Other host plants from which this species has been reported need to be reconfirmed based on a comparison to the designated ex-epitype strain.
The infraspecific morphological variation observed among the 17 C. lindemuthianum strains studied may be due to the different age and repeated subculturing that can result in degeneration. The strains included in this study were up to 84 years old. Many of the old strains in this study and even a more recently collected strain (CBS 569.97, collected in 1997) produced a yellow pigment and did not sporulate, while well-sporulating cultures of C. lindemuthianum are gray olivaceous to olivaceous black.
In the present study, 33 strains previously identified as C. coccodes, segregated into two clades in the multigene phylogeny obtained. There were isolates from peppers and tomato in both clades, but all isolates from potato (and potato cyst nematodes) clustered with the ex-neotype strain of C. coccodes. The second clade includes the ex-epitype strain of C. nigrum. Both C. coccodes and C. nigrum can cause anthracnose of peppers and tomato, while potato is only infected by C. coccodes.
